Introduction
The following definition of functional low vision is used in surveys to estimate the need for low vision services: corrected visual acuity in the better eye of less than 6/18 down to and including light perception from causes not amenable to treatment. However, such data for Sri Lanka is lacking.
Objectives To determine the prevalence, causes and magnitude of functional low vision in a nationally representative sample of adults aged 40 years and above in Sri Lanka.
Methods Distance visual acuity was measured using a LogMAR E chart. If the acuity was less than 3/60 in either eye, the ability to see hand movements, count fingers or perceive light was assessed. All underwent autorefraction followed by subjective refraction and measurement of best corrected acuity if indicated. Participants with a presenting acuity of <6/12 in the better eye were examined in details and a cause of visual loss was assigned. Analysis included those who fulfilled the definition of functional low vision.
Results Among those examined, 59 participants fulfilled the definition of functional low vision: prevalence 1.02% (95% confidence interval 0.77-1.31%). The commonest causes were complications of cataract surgery (42.4%), and posterior segment conditions (30.5%) principally and age related macular degeneration (5 cases) and other retinal conditions (11 cases). Based on these estimates, 77,600 adults in Sri Lanka may benefit from low vision services.
Conclusions
The prevalence of functional low vision is slightly lower than the prevalence of blindness from all causes. Complications of cataract surgery are potentially avoidable causes.
Introduction
The Global Burden of Diseases has recently published data on the prevalence, magnitude and causes of vision loss worldwide for the years 1990 and 2010 [1] . All the analyses used the World Health Organization (WHO) categories of vision loss, which are based on the presenting visual acuity in the better eye. Using these categories, low vision is defined as a combination of mild and moderate visual impairment (i.e., <6/18 to 3/60 in the better eye) from all causes. However, these categories do not allow the magnitude of individuals who might benefit from low vision services to be estimated, as the majority with low vision as defined above in low and middle-income settings are visually impaired from conditions requiring clinical services for cataract or refractive errors [1] . Recognizing this limitation, in 2002 WHO derived the following definition of "functional low vision" (FLV) for use in surveys to estimate the prevalence of those who might benefit from low vision care. "A person with low vision is one who has impairment of visual functioning even after treatment and/or standard refractive correction, and has a visual acuity of less than 6/18 to perception of light (PL) in the better eye, or a visual field of less than 10°f rom the point of fixation, but who uses, or is potentially able to use vision for the planning and/or execution of a task" [2] . The explanatory notes state that this definition should not be the only criterion used for eligibility for low vision services in clinical practice, as those with better s41
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Several papers have been published using the WHO definition of FLV, from two large national surveys in Pakistan [3] , and Nigeria [4] , from RAAB surveys undertaken in 15 countries in Latin America [5] , and a local survey in India [6] (Table 1) . In these studies the ratio of blindness to FLV ranged from 0.58 to 3.08, with a third having ratios in the range 0.75-1.25 (i.e., the prevalence of blindness was almost equal to the prevalence of FLV). The purpose of this study is to present findings on the prevalence and cause of FLV in Sir Lanka, using data from a recent national survey of blindness, visual impairment and disability , and to compare the findings with other countries.
Sri Lanka, which has a population of 20.4 million, has one of the fastest aging populations, and in 2015, 12.4% of the population were aged over 60 years [7] . Health care is provided free at the point of delivery in the government sector, but as in many other middle-income countries, Sri Lanka has a shortage of skilled eye health care workers, including optometrists, rehabilitation assistants, counsellors and those able to provide low vision care. In order to provide data for planning eye care services, the Ministry of Health, Government of Sri Lanka, commissioned a national survey of blindness, visual impairment and disability among individuals aged 40 years and above. Data from this survey were used in the analysis.
Methods
Details of the survey methods have been published in a companion article in this issue. Methods relevant to this analysis are highlighted here.
A nationally representative sample was obtained using probability proportionate to size methods and cluster random sampling. Each district had at least one cluster. The sample size was 6,800 persons aged 40 years in 68 clusters across the country. A total of 6,713 individuals were enumerated and invited to participate.
Examination took place in temporary clinics set up in each cluster and two teams worked concurrently after training and a pilot study. Each team had a trained ophthalmologist, two optometrists, a supervisor and a team of interviewers and enumerators. Following enumeration and recruitment, participants were interviewed by a trained interviewer to obtain socio-demographic data and information on their past medical, and medication history. Presenting distance visual acuity (PVA), with spectacle correction if usually worn, was then measured in each eye by an optometrist using a logMAR tumbling E chart at four meters. Participants had to correctly see at least 4 of the 5 optotypes to pass at any given optotype vision level. If no optotypes could be seen at four meters they were retested at one meter. If no optotypes could be seen at one meter an ophthalmologist assessed participant's ability to count fingers, see hand movements or perceive light in each eye. All participants were interviewed by an ophthalmologist about their ocular history and had a basic slit-lamp examination of anterior and posterior segments. An autorefractor (Topcon 8000) was used to assess refractive errors by an optometrist. If the PVA was <6/12 in any eyes, autorefractor readings were used as the basis to determine best corrected VA (BCVA), after retinoscopy if required.
The following participants were examined in detail by an ophthalmologist after dilating the pupils using a slit lamp and +90D fundus examination lens: those who could not see 6/12 in one or both eyes, or where basic eye examination revealed an abnormality, or those who had a history of cataract surgery. Fundus images were also captured with a Forus 3 Nethra fundus camera (Forus Health, Bangalore, India) provided the media were clear enough. Individuals with posterior capsule opacity after cataract surgery were excluded from analysis, as capsulotomy could improve VA. Visual field loss was not used in the definition.
Determining the cause of visual loss
Causes of visual loss were determined by an ophthalmologist for all with a presenting VA of <6/12 in any eye, following WHO standards for surveys [8] . Firstly, all the disorders contributing to visual loss in each eye, and all relevant underlying causes were recorded. Second, one main cause was selected for each eye. If an eye had more than one cause the following were preferentially selected, if applicable: primary causes (e.g., phthisis following glaucoma surgery, glaucoma was selected), or the disorder contributing most to vision loss. If two conditions contributed equally to visual loss, the most readily treatable was selected. If none were treatable, the most preventable cause was selected. Having established a main cause for each eye, a principal cause for the person was determined, by selecting the cause in the right or left eye, following a similar logic if the causes differed between eyes.
Definitions
In the analysis, the following definition was used for FLV: BCVA (or PVA in the absence of refractive error) in the better eye of <6/18 but could perceive light in at least one eye, and the cause was such that no clinical or optical services would improve PVA. Causes were determined using the cause at the person level.
Household level socio-economic status was derived using data on the number of movable assets owned by the family (e.g., television, computer, radio, cycle, motor cycle etc.) and the monetary value of each asset. Monetary values were summed up to give a family asset score, which Original article was grouped into quartiles. As the number of participants with FLV was small, analysis combined the upper two and the lower two quartiles. Education was categorized as secondary school level and below or higher than secondary level.
All data were transferred to the Indian Institute of Public Health, Hyderabad, India for cleaning and analysis using Stata 13.0 (Stata Corp, Texas, US).
Prevalence estimates together with 95% confidence intervals were calculated. Multiple logistic regression analysis was performed to identify risk factors for FLV and to estimate adjusted Odds Ratios (OR). All the analyses took into account the clustering effect (design effect) due to the cluster sampling design adopted for the study. Missing values were excluded from all the analyses. P-values <0.05 were considered as being statistically significant.
All participants with a BCVA (or PVA in the absence of a refractive error), in the better eye of less than 6/18 down to and including light perception were identified. All individuals where the main cause was cataract, refractive error or posterior capsule opacity following cataract surgery were removed from the analysis.
For estimating the magnitude of functional low vision among those aged 40 years, the estimated prevalence of FLV in the different age categories (40-49 years; 50-59 years; 60-69 years; 70 years) along with the upper and lower bounds of the 95% confidence interval were applied to the mid-year population of 2014 in each of these age categories. This enabled us to compute the probable number of persons with FLV in each age group, and for the total population aged 40 years.
Results
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,779 of the 6,713 adults enumerated were examined (overall response rate, 86.1%) in 68 clusters. Response rates were higher in older age groups and in females and lower among the better educated. Response rates were similar by Province and by urban/rural residence.
A total of 59 participants fulfilled the definition of FLV, giving a prevalence estimate of 1.02% (95% confidence interval (95% CI) 0.77-1.31%) ( Table 2 ). The prevalence was significantly higher in the older age group (70 years) (3.81%; 95% CI 2.58-5.39) vs 0.58% (95% CI 0.39-0.83), p<0.001), and among those living in poorer households (1.41%; 95% CI 1.03-1.88%) vs (0.52%; 95% CI 0.28-0.88%, p<0.001). In multivariable analyses, these differences remained statistically significant. There were no difference in the prevalence of FLV by sex, ethnicity, education or place of residence.
The commonest cause of FLV was complications following cataract surgery (25 cases; 42.4%) followed by posterior segment conditions (18; 30.5%) principally age related macular degeneration (5 cases) and other retinal conditions (11 cases).
Based on these findings, we estimate that there are 77,600 adults aged 40 years and above with FLV in Sri Lanka, 47% of whom are female.
Discussion
The prevalence estimate of FLV derived for the Sri Lanka survey lies in the range for other countries i.e., between 0.9% in Mexico and 3.5% in Nigeria (Table 1) . In Nigeria the main causes of FLV were glaucoma (26.5%), corneal opacity (21.5%), macular degeneration (11%) and other posterior segment pathology (9.9%). The higher prevalence of FLV in Nigeria reflects the higher blindness prevalence (4.2%). In Nigeria the prevalence of glaucoma is high and access to services is low [9] ). Onchocerciasis, trachoma and poor outcomes following couching, a traditional procedure for cataract, are important causes of blindness and FLV, causes which do not occur in Sri Lanka [10] . The prevalence of FLV was also higher in Pakistan than in Sri Lanka with corneal opacity, mainly due to trachoma, being the leading cause [3] . The prevalence of FLV and blindness in studies from India are very similar to that in Sri Lanka (prevalence of FLV and blindness, 1.05% and 1.3% respectively) [6] .
In Sri Lanka complications of cataract surgery were the commonest cause of FLV, which are potentially avoidable through careful case selection, high quality cataract surgery with implantation of appropriately powered intraocular lenses and follow up to detect and manage complications. Age related macular degeneration, glaucoma and diabetic retinopathy are likely to increase in Sri Lanka as a consequence of aging, and are likely to become more important causes of FLV unless services to manage these chronic eye diseases increase in parallel with the aging population. The estimate of the number of people in Sri Lanka who have the potential to benefit from low vision services is likely to be an under-estimate, as individuals with a visual acuity of 6/18 but who had visual field loss or poor contrast sensitivity were not included in the prevalence estimate. Overall, many more would need care due to the unmet need of clinical services, The implications of these findings are that low vision services in Sri Lanka need to respond to the population most affected i.e., the elderly and the less well educated. Levels of literacy in Sri Lanka are very high, and even the older age group are likely to require low vision devices and environmental modification to allow them access to print and to live more independently.
Limitations of this study are that visual fields were not used in the definition as assessing visual fields reliably in a field setting is very challenging. Individuals with FLV were not identified during the survey's fieldwork and so it was not possible to assess whether they had accessed low vision services nor to assess their functional limitations or quality of life. 
